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1. lntroducliol]

lixpk)m[ion  of Mars is a major (hrus(  of N A S A ,
Some of lhc. im]xx(anl  go:ils of IIlis c.xplol:llioll  arc
(1) Ll]c sck)rch for Iifc a])d undcrx[anding  of cvolulioll
of Ilm })lallcl, (2.) [Ilc discovery of accessible. wale.r, (3,)
undcrxmnding  how lhc clim:t[c 1):1s ckingd,  and (4)
developing an invc.nlory of wwful  rcxourccs, as a
precursor 10 I)l)man  exploration. ‘J’hc puq)osc.  is [0
Ull(lcr’slal)(l  l)r’oa(lly IIlc. cvolulion, gc.ology,
gcx)clwnlislry,  organic Clmnis(ly, tit)d clima(c  and 10
lhis knowlc.dgc  widc]y  available to Ihc public.

While I]]:illy  useful scientific illvcx[igalions  call 1X
dom  ill situ on tlm surfim  of M:irs,  [km sums (o be
agrccmcn[  lhtit the mait] scicn[if’ic ol)jcc[ivcs o f ’
cxplor:iliol) can only be achicvcd wi[h  lhc rclum o f
saml)lc,s 10 Iiarlll for allnlysis, I Iowc.vcl,  21 sample
r’clurn m i s s i o n  l’rolll Mals  is a ~,c.iy siyllil’ic:~lll
ufdcrlilking.  AI IIIo LIglI vigo]ous a[[clnp[s  arc nour
bcillg Illadc to dcvcl(~l) Ilcw l)lc)gl:illl[ll~llic a])l)mxltcs
(o 10WCK IIIC  COS(  (JI’ such a missio]l, a Mar> Saml)lc
}<cturi]  (MS]<) missiol}  is  unlikely [o Ix al’1’oldablc.
will) curlcn(  Ic.chnologica] appl oacl)cs. Ill t h e
mcarlwl]ilc, NIASA  plttl]s H series of’ nca Icr-lcrn  I
cxl)loralion  missions wllicl) will provide inllmrlalll in
si(u dah on Nl:irlian maluials,  but not as mucl I as a
sal)lplc. Ic.lllrll. “1’f)csc  plm)cd llcarcr-lcr’11)  af’for’dat)lc
n)issiol)s will lx vital in solidifying, capat)ili(ics  for a
sc.rics of” c.volvil)g  M:iIs missi(n)s  will) ever il)crcasin~
cap~il)iii[ics. ‘1’() this end, the NASA Mars SuIvc.yoI
progr’ml  is planninp,  k] se] ics of Surf’:icc.  cx]}lor:tlim]
Illissio]ls  10 lx launched in 1998, 2001, and 2.()()3, as
]m’cu[som 10 a l)ossit)lc sanll)]c mlum nlissiol) in as
C:ll”]y  :iS 2005”.

Tflis paper  pmvidcs  all o v e r v i e w  0 1 ’  a scl of
tc.chno]ogical opt ions  being  c.nal~lcxl f o r  M a r s
c.xplola[ion,  under a mtmology  dc.vdopmnl  program
s]mns(mcd  by the NASA Office of S]xicc.  Across aml
‘1 ‘cchno]ogy,  ‘J ‘his Icchno]og y dc.vclopmcnl program,
designated as the Mars }ixploration  ‘1’cchnology
(MI{’I’)  program, supports  lhc f o l l o w i n g  task
dcmc.r)ts:

●

●

●

●

●

Precision ljanding  - to enable site sclcxlion
and safe landing in more. inlcxcsling landing
a rcas,

S a m p l i n g  Sysfcm - for acquisition and
handling of soil, rock and subsurface. samples. A
pJolotypc. of this syslc.rl] was (icmonslralcci  in
May 1995, anti usd as a foundation for a
sNccc.ssfLIi  proposal for in[cgralion of a similar
syslcrn with an approve.(i scicllcc payload in Ihc
MN’S 98 mission.

in-silu l’ropcllnnl Production - aimed at
let lcslrial prototype C.valualio]l  of Icxiing syslcn]
co]lccp[s for usc of the Mallian  aimosphcrc.  10
produce fuel and ox ygcn as pm]wl Ianls  for li)c.
r(’lurn trip 10 };arli~.

in-Silu Inslrlllncnts - focusing  o n  LI
miniature, Nuclear Magnc(ic RcsoI)ancc
S]]c.clmmctcr  for dclccling  and cliaraclc.rizil~g
}vnlc.r in various (ii ffc.rcrll  slalc.s.

].ow “1’crnpcralurc IIigh l)ensify
ltlcctronics-  conducting sludics  10 i(icnlify
mn[crials and designs for higi~ dcnsily  clcclmnics
])ackaging for muili-chip  m o d u l e s  lhal wili
suti’ivc.  in h Mm thcwn~l c.nvir’w]mcml.



●

●

●

‘1’hcrlnal C o n t r o l ”  -  (Icvcloping  :1 \\’arlll
C.lcclronics  cnclosarc  for critical  cli’clrolli(
conI]mncn[s  a n d  ills(ranlc.nls,  asi{l~ ])hasc
materials, dio(lc )~c.at  pi]m,  and acmgd  ilm)alioft
for d i uulal tcm]m.ralllrc  mnlrol.

lligl)-1’erfol-]ll:il]cc,  IJow ‘1’elnpcraturc
llallcries - which fabricates and Cvalua[cs  (he.
pcr’forwancc  of c.xpcrimcnlal  cc,] Is and ballc.r’ics
c.a])ablc of ullimalc.ly operating pmpcrly at -60
(Icgl’ccs  (’.

Nlinia(urc  ‘1’ranspon(lcr  - dcvck>pilig  a mw
miniatatc (< 2 . 5  kg) tra]lspon(lcr  inclu(lit]g: [i
narrow l)al)(iwi(llll  }’h:isc 1 .ock 1 .()()1)  (<20} 17)
wi[ll a ca]l’ic[ l[ac.ki]lg [llrc’sllol(l  of -158 (ll{ni; a
wi(lc (Iynal))ic  IaIlgc  (>70 d}])’; and a con]mand
(Iclc.clor I’ul)cliollali(y for nllllli-uscl
Conll)alit)ili[y.

IIighly  rclc\’anl  (o Llas cxploraliol]  art’ Illc
Iccllllologic.  s ollllilli:il[lli7c(l  niicr(nm’c.ls c:l]ulllc.ol’
sarvi\~al and mobilily on Ihc Marlian sarlacv. III. .
a(ldlll(m  10 tllc Icdlnologlc.  ,s” lislcd  a b o v e ,  IIlis I)al)cr

also discusses the main goals an(i zlc.llic\’c.t]~c]llsoftl~c
r(mw (wl]ldogy aclivi(ics  undo Il)is])mgtaln;

● Minilurc  l’lanct:t,r~  R o v e r s  -  (Ictclo])ing
(Cct)llo]ogics  i n  Ill[Ill:\l(lliz.:\(io[l, ]oIIg IaI)gc
mot)ilily, al](l mobile scicl)cc:) c(j~]isilio]),

‘]’hc  I“LS1 of lhc paper dcscribcs  (]1c gwils aT)d main
:lclllc\’L’l)lc.ills 10 (Ialc 111 C:i(’h d Ihc..sc  al’c. as.

1 . Precision lJanding

I’rcxision  Ian(li]]x  is aII in)porlanl  and  enab l i ng
capability for sc.~cral lat(IIc  hlars nlissions, bcxaasc
nlany itllcmling areas of scicnli[ir  itl\~’.sli{::llio]l on
Mars ai”c ci[l~c.r  small i]) CXICIII  or arc ill I(y,io[ls  ()(’
h:wark(ls (Cr[ai]]. l’r~’cisio})  lal~(iil)g ll~ay also lx’
ciarial [() MaIs  samplc ICI LIII)  scc~narios III wi]icl) a
san)])lt’ is Icfl I’ron)  a ])rc’\ious  nlission 10 tk acqairc(l
by a rL’(LIIIi  \’clliclc via a io\cr or alms. Also, MaIs
lal](lin~ si[c. sclc.clion  is basc(l I)rinlari]y  01) scicllcc
oll~ccli\us  and lalding  safely. Sc.kc[  ion ofsafcal](l
sc]cl]lifically  illlc, rcslillg  l a n d i n g  local ioms” is
c(ml])lic:ilc(l  by ]argc. (Iispcmiolls or unccr[:lilllics  ill
Il)c aclaal  Iall(lc(l p(~silio]~  r e l a t i v e  10 [hc (Icsirc(l
local ion,

IIascd on [(day’s Icdlilology,  II)csclal)ding }ocalion”
cm)rs can bc mm: ll]al) 150 knl. Most of lllis crmr
(lcri\Jcs  Ironl two sources: navigation C.l”ro”s ill the
a])proacll 10 L4ars,  a]l(l c[)rra])  lion 01 Ihc lrajccloty
(Iurillg II]c cnlly ])lEIsc  hy acmdyllamic uncc.rlain(ics.
II is also il) lllcscl \\()lllissi()Ill) l):iscs,ll  lc])lzlllc[;i[y
:Ij)p  loach phascan(l lhcc 1)1 Iy p]lasc., wlwc (lIc’ conlml

l)()\\’c.r  ~xistst( )c()rrcclcrr  ()rs()ll lhisnu]gni[aclc. i n
lhc sLI[)sc(lm)l  mission phases, k parachalc  phase.
and [tic terminal (lcsccmt  phase, landing location
correction is limited 10 a fcw km al bc.st, and may
mall ill llrl(lc.siral>lc  il]crc:~scsl(llllc  lan(lcd mass.

A s(ra!cgy  has bccm (Ic.vclopc(l for improving Lhc.
accuracy  and prc~ision  of landings on Mars:

‘1 ‘he. A]~pr(mh/linh’y  Phase. an(l IIN “1’crminal Ilxccmt
I’hasc can bc. considered as scparalc  and ciislinc.1
porlio]]sof  the lan(iing mission, wilh an intcrfacca[
]laracllu(c dcploynlcnl. ‘1’hc  zrbilily  10 conduc(
precision landings in lhc ‘1’crminal  Phase .  i s
i]dcplldcl]l of wha( krppcns  in lhc prc.vious  phases,
while l:lt~(ling  ac.c. uracy is(lcllcl](lc]ll,:il lc.as[ down to
II)c kil(lmclcr  level, only 01] COIIIIOI”  (luring the
ApI)Joiic+ and }illlly ]’]IXCX.

I:orthL A])[~ro:ic.tl/li  l~tryf  ’li:isc,t t~c.go:il” islorcdacc
lhcpo,\ili(m  c.rmal ]):lr:icll~llc. (icl}loylllclll bClo\v Ihc
carm][  \Jalac o f  aboal 11501 km. Rcdarlion  10 [501
knl w(l(ll(l bcof llsc,l~lllrc(il]clioll  lolcss lhan Ilol
kn~ is]]cxxicd  t>c.forc:  iccllr:ilc.,l) rccisic)ll  lan(ling  scan
bc acc(ltnplisllc(l.

l:or [1)(  ‘1’crminal  IX.sccnl  P h a s e ,  lhc goal is to
na\Jiga[c up 10 10 km 10 Conlpcnsaic for 1) errors in
]~aracl~utc (Icploymcnt  loft  Ovcl’ f r o m  lhc
:i]JIJroiltll/c.illIy pllasc; 2) wind-  in(laccxl c.rlors while on
Ihc. paldchalc;  and 3) lllaJ)-tic. crlOrs.  1[ is assamc.(1
lhat a  ~lropulsion syslcm and radar allin]clcr  arc.
rc(lllirl’(l, rcgar(Ilcsso  f] JrccisiO1l”  l:tl](lillg r~:c]llirclllcllls,
jasl 10 provi(lc  a soft landing with no horiz(mlal
molioll. Ilolh accaracy  and prc~ision  in lhis phase
rcquil(  lhc abili[y 10 sc.nsc (argc.1-rc.lativc loca[ion
an(lk)r 10 sense. hamds.

‘1’hc.  LIW of oplical approach naviga[i(m  msing lhc
Mat{i:lll  nloons, Phobos a n d  l)cimos,  h a s  hccll
c\ ’alua(c(l. “1’his slu(ly  used rc.alislic awamplions  01)
[Ilc call]cra syslcm pc.rformancc  (a ~lcl]lc.lllillc-like
narlo\\  angle camera), salclli[c cphc.muis knowlc(igL’
acc.lita~y,  an(l ccnlcr-fin(ling ca])abilily  for Ihc n(m-
s])l}cli(al  moons of hlars. CI’hc rcslll[s  sho\v
sigllil’i(anl inlprovcnlcnl over radio-only n:i\’igali(m
in ll~cjll)])ro:ictl} ’1lzisc.’I’t lc.slil(ly  l(l-(l:llc.  ill(lic~ilcs  the.
\’ial>ilily of this optical tcchniqac  for inlpro\Jing
Appro:~dl  Navigation l’hasc accuracy. sc\cr:il
(c.chnicai issacsrc.min tol)csol\’c(ll  ~cf(Jlclllc  .l]sc(Jl
(m-board op(ic.al navigati(min  (l]cAl~}lr(~zicl]  I’i~~~scof
a Mas landing mission can bc. dcm(mslra(cd.
Algori[lll~]s[ot)c(]sc(l”  foron-boar(l it~]:lgcl>r(~c.c.ssil]g
a n d  olbi( dclc.rmiaatioa  mas[ bc dc\Jclopcd a n d
simalalc(l in [hc prcscmcc  of realistic error soarccs.
}< C.(]llil~’lllCllt  S 0 1 1  S] EK’CC1af[  S)’SIC.I)IS  111 USt bC
(Icwclqd and cvalaatc(l  10 pmvidc allilu(lc control for
camera poinlill~ and s[abilily. The inlpac(  of [his
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‘1’hc gmrl  allraclion  of’ lhc Y.irconia pmmss  i s  lhc
coarcplaal Simplici ty of  [hc oxygen sc]~alalion
process  awl lhc polcml ial for a Conlpacl cdl. 1 lowc.\’C.r,
in ]mclicc,  Ilm Ira(litio])  has bcc]l 10 rely (m Iabal:it
c e r a m i c  cells  for’ [csl parposcs. ‘1’hcm  arc not
compac[, and ap]mat’ 10 bc s([aclaral]y  I’li]ns)’  and
]iabk to fai]arc  under launch m ]aading Ioa(]s. A llc.\v
c.oaccpl for combining planar facl cell gc.(mctry willl
lhc USC. of rLIggcd  s i n g l e  cryslal shcc[s 0 1  zirumia

holds promise [or simple, incx]xnsi\’c,  r(lggc(l
zi rc.ollia assemblies. 1 lowcvc,r,  lhcsc mus[ bc pl ovclI
by c.xpcrimcnl.

‘1’hc ovcral]  conl])arison  of m a s s  and p o w e r
rcquirmnc.ats  of (he. Yirconia ail(l S:il>:\[ic.r/cl( ’.ulrol)lsis
pmccssc.s  dc}mlds on a  nalnbcr  (JI fac(ols \vllicll
mnain atlccrlain :11 [Ilis poilll, Ollc ol lhc r<’;lsons 1 0
Coll(lact dc’\’clol)l Ilca( work 01] both proc(sscs  is (()
clat”il’y lllc Iulr”aalclcls  (n’ [Ilis collllmlisoll.”

Olllc.1 1s1’1’ appl”oa(’llcs  Ilaw’ bc(’11  ploposcd.  ‘1 Ilc’sc  :11(’

atKlcI  review. “1’l)cy  illclll(l( US( ()( 11](: R(’vet M }Va[cl
(ias  Sllifl rcaclion 1 0  c.ntlallcc OAygcII ])lo(l~lclioll,
Imssiblc asc 01a ,gas disc] large fmll-cn(l (or 7jirtol)ia,
and ])ossiblc  usc of dilwanc and carl)OII  dioxi(lc. as
propcllallls.

II) (Icvcloping  1S1’}’, our goal is 10 dcmonslmlc  a
\)iablc lc.cl)lmlogy  ill tlIc. f’oIIll of a compac(,  flighl-
l i k e .  ullil whicl~ caa be. lcstc(l ia a  rc.lcvanl
c.tll’i[olltllclll,  al as early a (lalc as ]x)ssiblc, I)(Ic 10
Iimils 01] (he [Lllldillg availallle :ill(l [he. SKI(C  of lhc.
[cchlmlogy,  il \vas (Ic.ci(lcd  ll)al a \iat)lc. pm~tanl p]all
musl k ]imi[cd  by I]lc. followi])~  Conslminls: (]) we
will cot]cct II Ialc. 011 lIIC t\\’() 1)10s1  a(l\’allcc(l
Kwhllologics:  s?~l):i(ic.rfl {iccl[()]ysis  and ~.ilcoaia; (2)
lai(ia] work will lx conccnlmtcd 011 (lclcrminill,g  lI]C
lml(mmlcc.  cllaraclcxislics  and general viabi I ily 01 Illc
S/Ii and Y,irco]lia l)mccsscs  in lalmmlory  Iwoch scale
])lolol)’l)c.s.

Wlml suffic.icnt  dala l}ccolllc a\ailalllc  10 :Iss(llc (Ilal
a{ lcmsl oac 01 lllcsc Ilmresscs  is ill(tcc(l vialllr, [111>
I]iolc. al(racli\c o f  llIcsc w i l l  tl~’ si’l(cIL’(1 I’()[
(lclll(~llslr:l[io]l  as a Conllxlrl, l’ligll(-lik~’  u[lil \\llicll
can bc lcs[c(l in a lt’lcvalll  c.ll\il(ltll]lclll, ‘l’CLIIIl(JlOgy
dc.vcloI)Illclll otl llIc illlcl J’acc lccllllolop,ics  li’l]icll Iic
(Iircclly [0 1S1’1’: (i) lhcrlllal al)(l  lm\vcr llIilIl:Iy,L’.illclll,
(ii) colal)alibili[y will) (Icsigas ald colli’igllritlio]ls” 01’
(Icscclll all(i ascc.111 vclliclcs, and ( i i i )  ga s
])]~:ss~lli~,illio]l, li(]ac.faclioa  and cryogenic Slotagc,  an(l
(i\) comlmlibilily will) pr~lpalsioll  systems (gas-led,
and [Ilruslc.r  pcrfoi’mallc. c.) will f’ollo\v closely a[lc. r
(lcll]ollslr:ili(~ll of compicl,  flighl-]ikc unil. Wc will
slay alcrl to nc.w i(lc.as ill 1S1’1’ as tllcy alisc,  and
consi(lcv Ian(ling  thcit - cxplorali(ul,  bat [lnly a s  a
scc(m(l priori[y bchin(l  (It}’cloj)ing S/f or 7,ir(’(mia 10
llIc. (lclll(~llslr:ilio]l s[agc.

‘J’hc p]all  for’ Is}’}’ dc.vclopmc. nt calls  rot” fur’fhc.r
(lc.\,c.lo]llllclll of [he. two compc,ling  proccsscs (S/Ii and
Yjircollia) ovc.r a 17 monlh period, having starling in
April 1 9 9 5 ,  w i t h  a  cO1]]])rc.l]c.I~si\’c  r’cvicw and
de.cisi(m point in Augast, 1996 as to wllicll fippmacll
to schxt  for far(hcr  dcvclopmcnt.

1. Sample Acquisition

}ivcn for a low C(JS1  sample. rclurl},  carcfal  sample
sc.lc.clion will bc. ncccsszrry, and rocks arc hi~hly
(lcsirab]c, although c(mslraints  may hc. sach that only
loose soil and pckb]cs  may bc collcc.lc(l.  In Ref. 1,
sim and power 1 imitations were lhough[ 10 prcclu(k
sawing or coring, find il was hope.(1 (hat lhc. ncc.(i for
LJll\~’c:]lllc.rc.(1 rock woul(l  bc answcmxl  by collcc(illg
pebbles and ulili~,ing ma(crial  from lhcir inlcri(m.
tlo\vc\c.r,  Il)c ahilily  10 chi~) o r  core. during Illc
saIllplL\  collc.clion p r o c e s s  ilsclf  might s[ill prov(’
I’c. asiblc., and could bc o f  grcal scicn(ific  valac..
I;arltlcrmorc.  a m i s s i o n  coacc.rnc.d \\, illl walcl”
(Ic.lc. cli(m w(ml(l  probably conccnlralc.  (m acquisi[i(m
of sub-soil samples by drilling.

1[ i s  ])ossil>lc lhal in or(lc.r 10 r e d u c e  cosls, fularc
MS]< plaancrs may accept smallc.r sampkx,  1)1]( lhcrc
appe:irs 10 bc a consensus of opinion of (k miaimam
(Ic.sirc(l  sample size.. ~Cf. ] ?I aSSlllllCS :t 5 k+ Salll@C.

(m [he gromls tha( “lhc h4[NUR-t)ascd  sampk  rclaro
sh](ly,  c.oadactcxl b y  1.ockllc.c(l-hfarlil] and JPI ~ in
1993,  (k[c.rmim(l lhal for any gi\rcn sample, 100
graals of malcrial  is sarficicnl  to cmcdly  characterize
lhc sample type.” 1 lowcvcr, 5 kg is rccol]ll]lcllclc.(1  a$
“a rcasonahlc, slarling point” for lhc tolal sample. sc.1
in or(lc.r  10 carry oat  nccdc(l analyses on a range of
samples.

Sampling rcqaircmcn(s for Mars surface cxploral  ion
missions arc also andc.r (lc.\jcl(lJ)lllc.111. q’hirly-six  of
Illc 6-4 potential h4ars  sarface  instramcnls  would
Ic.qairc  horimnlal  dc.ployn~cn( (M) lllc surf ace., will}
roughly 2/3 of lhcsc requiring (Icploymc.i][  (Iis(anc(’s
of S 1 m, and aboal  1/3 requir ing (Ic.ploymcnl
(Iislanccs of 1 10 10 m. ‘Iwo illslramcljls  acc(l
(Ic.])loynlcn[  distances grc:i[cr lhan 10 m (l{cf.  1 5).
Sonic inslraalcals  require vc.rlical (icploymclll \villl a
masl or ballo(m. Thirly-nine inslrumcnls  rcqaiw
bringing  a sample. back to lhc imslrumcml.  Of these,
17 rc.qa ircd soi 1, 11 rock, 7 unwcalhc.rcd  rock, 2
daric.rwsl and 2 rcquirc(l ic.c. S~lrfacc mani~)al;  itors  m
acqairc  Ihcsc sampk  were saggcslcd as scoops, soil
cores, trcmchcrs, chippc.rs, augc.ls ml dri 11s.

Spcci fic:ill y, lhis prog~-am  wil I dc\@op capabilit ics in
Ihc following sampling tcctmology  arc.as:
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● viswil  mscr iulcrfaccs  and work silt calibtali(m fot
lIIC opc. rater ’s  sample  sc.lcxl ion

● cflicic.nl coIIlrol  of robolic  moliotls  dill-i]lg
sampling (ftcc.-spacc, guarded, and conlacl)
i n c l u d i n g p o w c. r a 1) (1 C.ncrg)’

col)sc.r\!2ilio  ])/l]l;lll:igcl]  )cl)l”

● sensor ]lrocc.ssil]g/]lc.lcc.]11  i(u) for r’obol ~u idallcc.,
san)])lc acquisi(ioll an(i analysis

● I’obol  control bcllavior  for mbusl autonomy ill
rcs]xmsc.  10 real-l imc sensor d:i(a

● conlrol  architcclurc intcgr:itil]g  scIIsc)r and
kllo\\lc(lgc.-(lr’i\  cll sampling ar[ivitics

‘1’llc  focus ol Itm I:lsk is (111 Illi(l-lcllll MaIs SUI \cyoI
scicllcc goals.  IIIc. h4ars  2001” 1.2111dc I i s
l~~])r~:sc]il;lli\Jc, will) cvolulion  loh4a Is SaI]ll)l[’  I<clu III
a 10111:0  [allgc Iask ICcllno]ogy olljccli}(’.  I<&I)
l):~r[llcrslli])swi(ll  [l]tscicilccco tl]]lllll  ]i[), N/lSA;l]l(l
oulsidc., Joslcr Collcrcll[  sa]n])lin: cotlrc])ls, f’liglll
rol)()[ic.s(  crllll()l()gyi  llscr(i()]],:il~(l  couplinx  I(J NASA
slralcgic goals of c(Jsl-c.  ffc.cli\/c sl))all-scale
Icchnologics.

S}wcirically, Inc.  lask has nla(lc sigllif’icanl
Icxhnological”  co])lrit)~][iol)slo  c]]ll:ll]cctllc.  Mars ’98
l,:ll~(lcrs cicllccc:i])~ll~il  i[ic.s, A1~accclcratc(l cff(~l~\v:is
ma(lc ill I;Y95 10 define a rctcv:iI)l  robotic sample
ac.quisilioll  subsyslc.n~ r(~l 1998 r’tigh{ scicllcc
inlc.gralion, I’fogrcss  in [his work was (Icmoilslra(cd
in Iaboralor’y  tc.chnology  col]rc]ll (lc[llolls([:lfiolls”
omurin~  it] May 1995, and lcanlillg r’c’lalionslli])s
\Vi(lI SCiCllCC ill\ ’CS[i~[l[olS  SUC(XXfllll~ l)lO])OSillp, [()

llwh4a1s  ’98 Scic.llcc }xlck:lgc’.

1 . in Situ lnslrumct]fs

‘1’llc  Scal”cll  for W’il(cl”  (\\’ll(vl, WI)(TC,  f’oml  an(l ;111)0111)(,)

acls  is :1 comm(~ll  thlca(l I’(Jr  Inany  of Inc. scicnlili(.
ol~.lcc.livc,s in Mars sutl’ac(  cxploralioll,  II} silo
illsllLltllclllslla\c lwcn i(ic.n(ilic(l ;tsal) iln]xwl;lll[ ncc(l,
Wiltl IIlis ~rca[ cmph:isis  (m wa[t’1,  it \\:ls{l(’ci(lc,(\  (().
(Icvclol)  an imsll-umcn! utliqucly cal)ablc  of d~lcclin~,
aIId cl):lrtlrlcriz.illg, walu i]) di(’rclc’lll .sl; Ilc,\, a II]i]lia(ur(’
Magnc(ic l{csollallcc.  Spcclrol}lclcl  (}{cl’. 21).
l{csot)al]cc il)slrumln(s  work on II]c  princi[)lc (Ilal d
nla~llc.lic r’icld is ap])licd  10 Il]c samp]c, ltl~l\ spli(li[)fl
Ihc. Cncrgy levels of cillic.r IIlc lIuclcaI  or clcrlmllic
s~)il) Slalcs, and km cmcugy  ispumpcxl  into (lIc slalcs.
Mc:MLIrcIncI~I islli:i(lc  ofcitl]cr(l lccl~crgy:\t  ~s(~rl~c(l,
orlllcl- t’-clllill  c(lcllcrgy:ls:i fullclion (lf\l~:i\~’lcllg(tl.
(laraclcrislic Spcc[rarcvcal  tllc.colll]~(lsilioll” of lhc
Sm])k! ‘1’hc a(ivalllagcs  o f  l)lagmli(’  I’csollallcr
lcclmi(](lcx aw Iilal: samplcsm lcsIc(I Lll](ici:lll]llicll(

con(iilions;  ” mirlima]  prq)aration  or (iistuplion  o f
samp]c.s  (gram 10 mil l igram);  analysis  is  not
~Ol)rO1ll](ic(i  hy s a m p l e  malrix;  (Iw spc.cmm  is
)l)olcc(llc-s])ccific.

“1’hc s]miai fcalurcs (~f’Nmkar  Magtm[ic mommcc
(Nh41<) arc. tl]alil  catl(lc.tcc[ tl]cl~rcscI]ccofl  walcrin
soil, minerals, rocks; frc< waler in pore.s; a(isorbcd
wale.r on surfacc,s; chcmicaiiy  bound wale.r. ‘1’hc
SpC.Ciai  f’Ca(lll’CS  O f  IipR alC lha( i( Gill  (]CIC.C[:  l)a[ll  IC

of midani ill Martian soil; oxi(ialion stale of
paramagnc.lic ions in s o i l  ( m i n e r a l o g y ) ;
cll:ir:lclcriz:iti(l[l o f  volaliic.s (carhrmatc.s,  sulfalcs;
ra(iicals  in icy samp]cs  (cllar:lclcri~:~lioll  al impurity
Icvc1); organics  in subsoii.

1 .alxwdlory inslrumcn[s  usc cw (change of impcdanc.c)
orp(llscd  llloclc(o l~sc.ri~c.rc.- cllli((c(l” r a d i a l .  ~’hc.sc.
inslrumc. n[s use. larxc clcclmmagncls  10 aiy>ly lhc.
ma:nclic  ficl(l,  }kw a s]mcc inslrumcn[, a minia(urc
i)crmanml magnc.lsyslcm  would bc used (Rc.f. 24),
“1’hc  scanning  mc(iio(l  woul(i (ic})cn(l  011 t i l e
ap])lication,  Scanning a[ fixc.(1 magnc,lic ficl(l w i t h
\rtlri~Il)lc.rrc.(l~lcIlcy  isrcla(i\dy my l(w NMl< bcc.ausc.
circui[ry  10 scan rfra(iiati(m  is rca(iily a\ailablc.  011
lllc(Jtllcrllall(i,IiI’1< requires scanning al micmvavc.
flcqucocics find lhis ]mscs  much m(m  of a chal lcngc.

A goal of tl]islask  isl[)cx]>l()il  l~r()t(~tyl~ci  l)sl[`(ll~~cl~[
protx  syslcms  for prdiminary  in-situ characlc.rinl  ion

of hlar(ian  surface. chcmislry,  an(i to supporl li)c
saI)I])lc. sclc.ction, an(i site sclcclion ol)jc.ctivcx. “1’hc
goal is 10 ulilim  innovative nc.w lccl]nology in an
c.xlcmai (Iclcxlion m(xic, which ( k m  ml rc.quirc a
scporatc sampling prmc(lurc  for analysis. Since tile
sc.arcll for wale.r has bcm  choscm as a ccmlrai theme
for Nlars cxplorali(m,  initial cmldlasis  ill our program
i s  ( m  building  and t e s t i n g  d a minialurc  hflagnc.lic
Rcxm:incc  Spc.clromclc.r  (MI<S)  wi(h combine.( i
c:ipat)ili[ic.s  of Nuclcarh4agnc.tic  Rcs(mancc.  (NMR)
and lllc. clron Paramagnc. (ic Rcsonancc  (Iii’1<).
~’oltvc]l[ional NM}< an(i Ii}’}{ sysIcms in (IIC
Ialwalory  c.mp]oy very large, heavy clcclro[ll;lgt)cls
a n d  s w e e p  lhc magnclic  fic.i(i 10 ollsc I\Ic. simtl”a.
h4illi:l((lriY.:lliO1l  is achic.vc(l hy using small ]wrinancnl
magn(ls,  an(i a lunablc  l{l; c a v i t y  10 achic. vc a
rlL:(lLIL:tl~y  WC+ II is ptojcxkxi  Ii)aI  mm m(iw(ion  d
scvcml ]Iun(irc(i  10 (mc will bc possible.. ‘1’his w(mi(i
im)\i(lc  a n(m-invasive analytical lcclllliquc. wilh a
uni(l[lc c(mlbinali(m of Capabililics  sucl) as (tc.lcc(i(m
Ol\wucr,  cll:ir:iclcri~:lli(lll  of volaliics, active oxygcl~
s]xxics,  oxi(iatim  stales ()~l~aral~~agi~clic ions, and
(iclccli(~ll of]lossil~lc( ~rg:illicsflolll”  soii, nlincridlsall(i
rocks.

Rc.cc.nt i y ac.il ic.vc(i  mulls inclwicxi (icmonslratim of a
Iligll Sc]]siiiviiy  I{ FMiigticlic  ficl(i Anicmnzt SCnsoI
I)cll](Jtlstr:ilioll. A miniature. RI; antenna was
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breakthroughs  in high onics  which will olfcr
signirican[ rc(iucli(ms  in sim and wcigill. ‘1’hct’c am
Iwo qucslions:  (1) Wiii lilcsc clcc(mnic  p a c k a g e s
survive aIKl function (m (I)c surface of h4ars?;  (’2) ir
ml, i)(m) can limir (icsign bc. mo(iific(i  (o nlakc lhcmI
survivable?

(~(~nvcn~ionai appl-(lacilcs  10 c.\aiualing all(l
c(m[mllii)g faiium risk of clcclmnic  c(mlp(mcnls  arc
not cffcc{ivc.  for criticai Paiiurc m(xlcs  of Mul(i-Chi})
MWIUIC.S (h4[Ik4’s). 1( i s  no[ possiblcj  by (cs[inr,
Hiol)c., 10 vcril’y acccl)(ab]c low faiiurc  risk I’(JI’ criticai
ci~illl:\gc-:{cc  lllllkll:ili(Jll f a i l u r e .  mmics  Ihal arc
in(iigcll(ms [o MC’M ‘s. } iowcvcr, failure risk (iuc 10
Cl:tlll:t~L:-:iC.CLI lll(Il:ll io]~ fai Iu w Inocic.s  can lx-’ c. fl’rcl i\dy
C.\’aillalC(i  and c(mllollc.(i using a l’robabiiis[ic  l’hysics
of’ l(aiiurc (1’2.0i;)  a])i)roaci)  tilal illcol }mmlcs boll]
Icsling and analytical mo(icl ing b:tscxi ou fun(iamc.tllai
atlalyscs  ol ll]c lh)fsics  and mmhanics  of fail llrc
mc.cllanisnls.

III I’2(}i:,  ]Jroimbiiis[ic  mo(icis  bawd on (i)c i)i]ysics  of
faiiurc I)hcnomclla  pro\i(lc a  lianlc\v(Jrk  for
illcorimraling  inlorma[ion  fion) n]alcl ials a n d
conllmi)cnl Icsling, insl)ccli(~]l  (A1l)ll/A]l)l), a n d
cll\’ir(Jlllllclltal  cllar:iclcri~,:]lioll,  c\’c.n wllcn suci)
information is va.gut, ai>proximalc,  silarsc,  or
ullccrlain.

MC’M-1)  multi- cilip mo(iu]c.  packaging tcci)noiogy
wi i i ix C.vai uzilc(i  10 (ictcminc  pohabil i tics of fai iui c
wllcll sd)jc.c(cd  10 liIcv’IIIzil  Cyciillg Chat’aclcristic.  of lhc
h4am surface, :irl(i  Sj)ccific failui’c  nmics an(i t]ssocialcd

(ic.sigll asi~c.cls wiii bc. i(icn[ific(i.  ‘1’hc proixli~iii(ics  of
hlilurc will bc (ick’mine. d as a fullc[ion  of liIc liIcIma]
varialiol)s 10 wi)iciI II]c. cicclronics arc subjccld.

III Ii]c ulllikciy c\L’1)1 IIlal il \vill Ix found  Illal lhc
clccll(ulirs  ((icsiglw(i  for \varnl cll\/irolllllc.ills) will
Iuncliotl a(icqua[cly  in Ii)c Mats cmvitonmcl){,  I)()[i)it)g
f’Ul(l)Cl  I) CC.(]  k’ dOllC.. ]11 [hC. ll)olL” ]lk]~ CVCII( 1[1~~(  []IC
pmbabili(y  of Iaiiurc  is 100” I)igh 10 bc acre. pl:lblc., w
wiil (io [w’() li]i])gs:

(i) Specify li)c maxilllulll allowabic range of Ihcl ma]
varia[i(m (as acilic\lxi  by a(i\allcc.(i Iilc.rmai (X)l]lroi)  10
mcd :idcqua[c s[amiai(is  ol r~’iiablily.

( i i )  Spccily s]xxific (Icsign Cllal)gcs ill Ii]c nlltl[i-cllil)
nmiuic  packaging Lccilnoiogy wllicil  wiii ciinliwl(c  or
sigllii’ican(ly Icd\I(’c  the probability of m:~jor f’ailurc.
mo(ies, Itlus  significantly imi)roving reliability in a
h4ars-iikc ctl\riorllt-[~c.ll(.

‘1’hc nlaill acilicvc.mcnls  10 (ia(c inc]u(ic:  1 ) idcm[ify
Iluc.c 10 ICIJ crilicai io\\’-lcl]l]>cr}~tLlrC”  i’aiiurc.  modes f(w
higi) (icllsily  Clcclronic  lJac.ka~ing subs[ratc
lccillloi(~gy  (MCA4-1)),  bc~innil]g  witil 111( 11-Cilip

suhslra[c;  2) cslabiish a working rclali(msi]ip ((iaui
c.xcilangc, M~M-lJ  subshxtcs  for cbarficlcriz.slim,
clc. ) NIiliI M~M-1) manufaclurcrs;  3) Oarac[c.  rizc.
rcsi(lual slrcss aTd rc.lcvant physical fca(urc.s  of Iilc
muililaycr, [i~in f i l m  struclurc. of Lk n-~hii~
substrates; 4) lk.vclop  a Jmbabilistic  li fc prc(iicli(m
mo(id basc(i m liIc physics of Iilc 10\\’-tclll])cr:il(]rc,
(l:]lll:igc-:iccllll~ lli:ili(~ll faiiurc pmcc.sscs  that inc]u(ics
tile characlc.rizatim  of rcsiciuai slrcss an(i physical
fca(urc.s of ti~c n-chip substrate; 5) Apply the .
i~robabilislic pilysics-of-failure (} ’2(~T9 mo(icl 10
assc.ss  life of lilt n-Chip mo(iuic  for a range of
the.rn)al  cycles  including tha[ of ti~c. Mars
cnvirollmm[,  consi[ic.rillg lilt m:~jor  iifc an(i r i s k
(irivc.m whici] inciu(k  Lilt. (icpth  of lilcrmal cycles,
illlysical features an(i (lime.nsi(ms of substralc layers,
lilt. sim range.s of possible [ll:illlif:ictllrillg  (Ic.fc.cts, find
lbc n}alcrials  usc(l for subsmc.  layers.

1. ‘1’hermal  Col)llwl

“1’i)c Marlian  c.nvironmcnl  provi(ics a  vc.ry wi(k
varia[im]  in ambient lc.nlpcruturc from day 10 IJiglll.
M(M1 clcclronics  (icvclopc(i for us (m Iiarlil require
o]~cri~ I ing (cmpcmI  urcs io [hc range 233 K c.lvin to
313 KcJ\in,  an(i limits f o r  sur\’ival in cxtrcmc
lc.t]ll)cr:llllrc.s. W hiic it is impcd Iila( some. ciay,
spcxial clcc(ronics  wil l  bc. (icvciopc.(i  whicil c a n
sur\ivc  low tcmpc.raturcx  an(i possibly even opcr:ilc. al
low lcm]mralurcs, lIIC continuing pressure to (iri\’c
COSIS  (iown (m space missions usually implies Iil:i(
10VV -cosl slandar(l  clc.c.tronics  clc\Jcio])cxi  for  mom
tcmlpc.ra(urc opcrat ion wil I bc cmployc(i  on f uturc
h4ars 1.an(icrs.  Protecting clc.c(r(mics,  bal(c.rics  an(i
oli~c.r  COmimcmls  f rom Iilc I(NV (cmpcrat  urc. nigi]l
c.nvirollmcnl  is a critical nc.c(i of h4ars 1.andcr
missions.

} uIurl  Maw 1,an(icrs  arc cxpcctc(i  10 (i raw ti~ci r powc]
from plmlo\oilaic  cciis. As a rcsuil,  significant
1)(NVCI  will olliy i~c avaiiabic  (iuring sunli( h o u r s .
Whiic battcricx can bc usc(i to iwvidc nliniml powr

o v e r  niglll, lhc powc.r IiIcy can supply is  limilcxi, a n d

furll)crnmrc,  tilcy musl bc. pmlcclcxi f rom vcr’y low
lc.]lll)cr:~l(lt-cs  at nigi)t. 11 is cxac[ly  w h e n
Icmpcra[urc,s  arc lmvcs(  tim( tim Icas( p(nvc.i i s
a\miiai Jlc for hcalc.rs to maintain the warmlh  of kc.y
CXmlp(mcnls.

11) or(icr 10 COJJC  w i t h  lilis prob]cm,  t i l e  M a r s
l’aihfil~(icr anti 98 1 .an(icr missi(ms  w i l l  house
clcclr(mics  an(i bal(crics wilhin c.nclosurcs which arc
v e r y  cffcclivc]y  insulatc(l,  and wllicb contain
Ra(iioiso(opc  }Icaling Units (R1l US) whit.il prmiucc  a
c(msi(ic.rab]c  amounl of ilc.at for lhcir mass (- 1 W
]mr 50 g). Bccausc  mass is  atways very  scam,
ligll(wc.igi~(  cncimurcs  i~avc bcxv] (ic.vc.iopc(i using
ul(ra-c.ffic.icnt  insulation (Rc.f. 27). IJowc.vcr  RI ILIs



arc. no longc.r being prodaccxl.  11 is c.xpc.clcd Ihal
R1l US w i l l  p robab ly  noL be availahlc  for h!ars
missions aflc.r lllc. 1998 launch.

Witll(m[  R1 ILJs 10 provi(lc heal ovcmighl, stwl) warllt
clcclr(mics  cncl(mrcs w i l l  go lhroagh \L’.ry  wi(k
Kmpcralarc  swin~s (Iarinf! lhc. [Iiuraal  cycl(’, (Icspiic
lhc. c.xc.cll(ml warm Clcclm]ics  box (W}ill) (lcsigll
(Ic. vclopc(l by I licki’y  cl. al. ‘1’l)crcforc,  ])os(-  1998
M a r s  1.andc.rs  Iacc a ~mtc.lltial  cr is is  in lllcrmal
control. IIascd oll Kxxml  nlo(lclling, i[ is l)cli[’~cd (Il:il
the. bcsl way 10 pro\idc  Ihcrmal c(mlrol  in Ilw al}scwc.c
of 1{1 I Lls is to collccl and sl(m’ heat (larin~ llw (lay
wllcm IIlc san sllilws, and K9casc. lI)c. I)cal al IIiglll 10
sigaificanlly  rc(lucc [k diurnal tcm]malarc  varia(i(n)
ill an clcclrc)llics/tJill[cry  cxdosurc. ‘1’llcrL’ is a ]cady
seam of IIwl  during IIlc day bc.causr (IIC  ]holovollaic
sways associated \vilh lhc. lander opc.ralc. alx)\Ic m(ml
mll]mllllrc, and lIK i’ramcs  (M supImls  fm IIK.SC  PV
arl-ays may k rc,gar(lc.(1  zis al] msc.nl ially in(’lnilc heal
source. f’cw needs dllring  (l]c day,

I Ic.a( call k stored cfficicm[ly in pl)asc-cllan~,c ma[c.l-iiil
(l’C’M) which is ii n~alcrial (11:1[ aadc.rgoc.s I’CpCXitCA
cycles of nlcl[iag and r~~s(lli(lificiili(~ll when hc.alc.(i and
COOICXI  al pc.riodic in[cr\’als. l)o(lccanc,  \villl ils
mcl[ing ]min[ ol about 2(JOK,  is an ol~\~i(~us choice,
for our appl ical ion. 1 ]cat can lx trallsporlcxl  from tlIc
I’V tirmys 10 (IK 1’~M wi(hia tk cmlosurc  by mcms
of a miaialur’c  kill pipe filled wilh a sabslancc. such
as Iwopylc.nc..

A viable dcsigll conccl)[  fw a warm C. ICCII  onics
Cilc.losuw IIas bccll dci’eloped, I’:itll-icalcxl  and fully
lcskxl  f’(JI  almospll<r  ic an(l 10 [011 alllllicll[  I) IcssuIcs,
aad silllulald  hlars llIrIIllal cll\ironalcllt. ‘1’tlc
Ctlclosul-c  co]lsislc(l  or a  6-it]cll c(lbical  ho~ [Ila[
ilirla(lc(l 5 IM(lc.ca  I~c. l’(’hl [MIICIS aIKl OIIC  1 Mcca IIc.

I’(:M pane] swi[l] inlc.gra[(d Imlaac. diode. IIcal j)ij)c
i’almicalc.(1  ul)dc[ a 11’1,  coll[racl 10 }Lnc.rgy  Scic.nccs
1 .almr:iloly. ‘1’lIcsc.  piincls, asscmb]c.d to I’orll) a
cubical c]iclosurc, w e r e  cacloscd  witllill a foanl
il)sula[cxl box. ‘1’l)c Ic.s[s  cvalualc.d Il)c. ])c.rlor:ll))l)r~ 01”
IIlc cv)clwurc lhr(m~l) 3 diutl)a]  Il)c.rmal cycles, willl
I)caliag applic.d  to a simalalcd  c.lcclro]lics mass 10
silaulalc a ly])ical clcclmnics ]layloa(l duty ~~clc. ‘1’ilc
Icsls slIowcd rc]ll-oducil~lc. ]JIIasc Ir:inslllons a n d
mailllaillcd inlclior  Icsl lcnl]wa[urus  willlill IIlc range
-?5 to + 20 (Icgrccs  [’clsius,

]Iatlcrics  arc the i(lc.al choice as I)rialal-y p(~\vc.r sources
and for atl~mca(ing  olhc,r lmwcf” syslcms  (iul’illg  peak
loads ill NASA’s space n~issions. Va[-ious ba[(c.ry

syslcms,  illc.l Lldillg ~>rilll:lry l<i/SC)(;12 (Jrr~:cllargcal)lc
Ni/Ckl or Ni/}l, arc. cL1rrclltly trsd dcpcn(iingon  lhc
energy rc.qaircmcmls an(i longcvily  of Ihc mission.
M(M1 of ti~c.sc ballcry syskms  have a[traclivc specific
energy aa(i powc,r (icmsilics; tmwc.vcr,  tile (icsirc.(i
pcrformanm  is limilc(i 10 a narrow  umpc.ratarc rldngc.
of -20 to +70 “~;. Aiso, the rcali~ablo cfficicncics
aa(i cmrgy (ic.nsilics of tilcsc syslc.rws  arc rather low a(
slii~-~.cro  kmlpcr:ilurc.s. ‘1’hc ambic.nl  lcmpcralurc.  of
some of lhc planclary missions arc math lo\vc.r lhan
-20 “C’. ‘1’ilis  ac.cessitatcs insulation of Iilc. ballc.ry
f r o m  c.xtrcmc ambical  lcmpcralarc,s  prcvalcn(  al
planc[ary sarfacc.s  an(i possibly a warm ui> of tllc
bat(cry  by anoli~c.r  c.ncrgy sourm.  N(J known
clcclrocllclllic:ki syslcm funcli(ms  cfficicm[ty  ia such
c.xlrcmcly cold cll\’irolll]lcllls. }Icrc, wc propose. 10
carry oal sla(iics lca(iing 10 an i(icxllificali(m an(i
c.valuali(m of such acryogcmic battery syslc.m, t)ascd
(m oarprcscml Llll(icrs[:ill(ii]]gof  thca{ivaaccxi lilhiam
ballcry sys[cms.  Rcc.imrgcablc lithium ballcrics ilavc.
a higher  spcc.ific  c.ncrgy (2.-3 lime.s) an(i a higim
cncrgydcnsi[y (2-3 tilllc.s) c()lIlll:trc(i t()sl:ilc.-(Jf-tllc-:~ll
tx\([c.ric ssachasNi-C(  ian(iNi-  112. l]]a(t(ii[io!~,l  l}csc
ballc.rics ilavc loagcr  smragc life and a lower scli’
(iischarge  rate. In view of these a(ivanlagc.s,
rcchargcablc  lithium battc.rics arc. prc.sc.ally  bc.iag
consi(icre(i  for  several  collllllc.rciat/tcrrcs  lrial
applic.slims wkrc.  wc. ighl, volume., ami cycle life arc
crilical. ‘J’tlca (ivalllagcso frc.(illcc.d massami  volmc.
also maiw tiIc.sc batteries allraclivc  for acwsi)acc
applications.

“J’hcovcmll  Objcclivc. of tl]isprogmnl  is to(lcvclop  a
low Icmpcralurc  balmy with high specific. cmrgy  and
cmcrgy  dcmsilyaml  to(lct]~(~llslr:itctllc.  lcchno]ogy for
the. M:lrsl,xl~l(~rali( ~l~]~r(~grd[ll.  'I'l~cl ~(~l~~il~all ~r()gra[~~
l)lan is from I;Y 951099. ‘Ihc spccif ’ic objcc(ivcof’
[hc I ‘Y 95 cllbrl  is to dc.vc.top  clcxmxic aII(i  clcclrol ylc
mlcrials for low tcm]pcralurc,  ba[[crics.

Ascrics  oflcslsi l:i\cl~c ct]c(I1~(lLlclc(l  [o find suilablc
clcxlrolytc. solulioms  based on lhc. solve.nts llla~
rc.main in Iilc ]iqaici phase. at 1(w Icmpcralurc.  ‘1’hc
fcasibili[y of lilt. l o w  tcm]mr:ilurc  ccli conccpl ilas
been (ic.}llo]lslr:llc(i. “1’hc test cc.lis arc. slorc(i  in aII
cmvi mnmcntai  ci~amhc.r capable of con[rol  I iag (im ceil
lc.mpcralurc..  l’iK clc.ctric.al pcrrormancc an(i cycle Ii fc
performance characteristics of Iilcsc cc.lis at low
lcmpcra[are i s  then  cvaiualc(i. Succcssfllt
cxpcrimenls  wc.rc coa(iuctc(i to cycle. liC-t}asd
clcclmlylc c.xpcrimcnlal  test cc.lis al -20 C .
]llvcstigaliollsco lltillllc.orl” now]  C] CCllo]ylCSy SICIIIS
lhal can opcr:ilc ai -40 to -60 C.

1. small l)ecp space  Trans])ondc]”



‘1’hc Ol)jccl is 10 develop a mil)ialarc  X-l)alId deep

s p a t .  c  lraaspon(lw. T h i s  iavolvc.s  two m:ljor
lcchao]ogy  (lc\clol}lJlc.Il(s, (m bciag a (Iigilal X-baad
rrmivc.r using a(lvaacc.d GaAs  h40nol ilhic M icmvavc.
lakgra[c(i  Circui[ (MMIC)  tcci)aology, aa(i (i~c OIIKM
iavoivcs  dc.vclopmmi of minialarc.  high -ffc.qmncy
high-dcnsily  Clcclronic  p:ickagiag lc.chaology. ‘1’hc.
combinalioa  of ttmsc. two Icclmology  advaacc.s w i l l

cmablc a ncw millialurc  lransl)oadm  will) allsuri)assc(l

I)cl’folill:ll)  c(;:

● Narrow  lw~(iwi(i[ll l’haw 1 mk 1.00I)
(d.oi 17,) will] a carrier Iwcking lhrL+lold  of
-158 (ii]])).

● Wi(ic (iyaall~ic raagc (>70 (111)

●  C(mmaad  lklc.c[or faaclioaali(y  (1’i)r aluili-
USN compalibilily)

● ‘1’olai alass <2.5 kg.

ill Iilc iwsl, (ICC]} simcc lclccoll)lllllllic:llio]l”  syslcms
for space.craf( have bc.cn dc.vcloid ill(ii\i(iual Iy 10 fi I
lhc rcqui rc.amls  of cacii spacccraf[ pr(~jcc(.  Siam  pas~
spacccrxft  km(lc(i  10 hc iKWYy, cxIKmsI\Jc,  and power
Ilaagry, Ic.iccollllllllllicaliotl”  Syslcms basc(i 011 past
spacccrai’1 (ic.siglls arc. iwqqlroprialc for asc 011 acw
al illia[ul-id spacxmaft,  };(M Mats 1,al)(icrs la LIIIchc.d

f r o m  h4cxl-I ,i(c lauIIcl)  \cJ~iclcs, a]ass, ]x)\\Ic.r  and
\wiaalc. arc prccioas  commodilic. s, all(l it is crucial
(hal a truiy lllilli:~((iri~.c(l, Iligll Cfficicncy
Lclccollltll(ltlictllioll” syskm  i~c (ic\c.l(q>c.(i f’or lllis kild
of ap])l i cat ion. AckI)(~\\Jlc(lgcII~c’.I  I IS,

1. (k)llclll(lil)g  1<(’111:11’1{s

‘1’ccilnologics”  al”(’ Lin(ic.r dc\’cloi~l)lc.111 w’llicl)  are
Iargcllcd  [ 0  inl]mr[ant ncc(ls o f  Nlal s 5111  face

cx])iomlioll m i s s i o n s . ]iariy vcrsio]ls of” IIlis

Iccllllology is  r’ca(ly for n e a r - l c i n ]  nlissio]l
oili](~rl(lllilic.s. Succc.ssl’ul  illfwsi(m  of tile salnl)iin~
syslcllt Icchno]ogy ill[o IIlc i~laa[)c(i  Mars 98 niission
i s  an c.xamp]c  0{ an cariy  al~])licali(lll. OlllcJ
lc.cilaologics, s u c h  21s  in-situ rcsourcc  ulili~.alioa,
rcspon(i  [() lollg~’r (ctm a~issioll\.

‘1 ‘Iw rest’at cl] (Icscrilxxi in [his impcr wa~ ]ml’ormc.(i al
tl]c Jcl l’mpulsioa I .aborat(wy,  (~alifornia lnslilule  of
‘I’c(’hlloiogy,  ” ul)(icr COIIIMCI  \vili] t h e  h]a[ionai
Acr(mau[ics  all(i Space. Acll~lillis(r:\(ioll.

‘1’his  l)a]mr i’ocascs ])rin~arily (m all o\Jcr\’it\\’ of (k
Mats lixilioralion  ‘1’cci)[)ology  (M fi’1’)  }m)p,taIl),  }vl}icll
rcporls 10 N A S A  IIImuglI IIIC Oflcc oJ’ Ihc.
‘1’c.chao]o~y  aIId  Applica(iolls IJircc(ora(c  01’.11’1., ill

sappor( of the JPl, Mars }tx])loratioa Program.
I ifforls ia pimclary  rovcrx  aad sampiing arc, sapporlcd
t~y [asks  ia NASA’s T’c.lcmhotics program. ‘1’hc .ii’l ~
Mars lixploration  Program gcncralcs  lcchaology
rcxiu  ir~mcmts  and rdal ivc. prior ilicx for lccilaoiogieal
roclls.

‘i’hc  Coatribatioas  to li]is papc.r’ from tiw lc.adcrs for
lhc in(lividaal lasks, aad their collc.agac.s, wilhill
the.sc. i)tograms were csscalial,  and arc gralcfally
:Ic.kJ~()\\lc.(igc.(i:  S. Kim, R. Manvi, IN. Moore., G,
l’owcil,  S .  R a e ,  aa(i P. Scilcnkc.r. Vaiaablc
c.oi~tril~utio]~s  from ti)c. Mars I~,xploration  Program
01’ficc a( Ji’1, WCJC also pivolai in (ic.lcrmiaiag  ti~c
imgram  coalcmls an(i baiaacc; 2ickil(J\\Ilc(lgtllcIlts hcm
arc duc m: S. Baiic.y, 1.. lXWI’Y,  I’. Satin, J. B. MC
Namcc,  arl(i 1). Shirlc.y.
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